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Abstract
CHAPTER 1: PREPARATION AND EVALUATION OF CASTOR OIL BASED SURFACTANTS Hydroxy fatty acids (HFA) have a variety of applications in cosmetics, paints and coatings, lubricants and food industry. They are useful chemical intermediates for the synthesis of fine chemicals and pharmaceuticals particularly when they are optically pure. HFA are derived from a variety of natural sources. The most common natural hydroxy fatty acid is ricinoleic acid (RA) which is present in castor oil upto 85-90%. The hydrogenated form of ricinoleic acid is 12- hydroxy stearic acid (12-HSA). The aim of the present investigation was to prepare castor oil based surfactants. Preparation of Alkyl Ricinoleates and 12-Hydroxy Stearates and Evaluation of their Sulfates for Surfactant Properties: Alkyl ricinoleates and alkyl 12-hdyroxy stearates are the most popular ingredients in various cosmetic and toiletries compared to other long chain esters. The aim of the present study was to prepare alkyl ricinoleates and alkyl 12-hydroxy stearates without formation of estolide using enzymatic transesterification of purified methyl ricinoleate / 12-hydroxy stearates with different alcohols (Fig. 1, 2) and evaluate for surfactant properties as their sulphates. The chemical transesterification of cetyl alcohol and methyl ricinoleate resulted in the formation of estolide along with cetyl ricinoleate. Formation of estolide was avoided by employing 1,3-specifc lipase as it cannot catalyze the reaction between secondary hydroxyl and carboxyl group of two ricinoleic acid molecules. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO1.jpg" \t "_blank​) 
R = Octyl, decyl, undecenyl, dodecyl, tetradecyl, hexadecyl, octadecyl, octadecenyl 
FIGURE 1: Enzymatic Preparation of Alkyl Ricinoleates and their Sulfate 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO2.jpg" \t "_blank​) 
FIGURE 2: Enzymatic preparation of Alkyl 12-Hydroxy Stearates and their Sulfates 

Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO2.jpg" \t "_blank​) The transesterification reaction was optimized using different enzymes and of which lypozyme (Mucor miehei) was found to be more suitable for this reaction. Impressive yields of 97-99% were obtained for octyl, decyl and lauryl ricinoleates within 3hr and the yields of the rest of the ricinoleates could not go beyond 88-94% even after longer reaction periods. In casre of 12-hydroxy stearates, only myristyl 12-hydroxy stearate was obtained in very good yields of 98% within 4hr and the rest of 12-HSAs were obtained in the range of 87-92% yields in about 6hr reaction period. The structure of alkyl ricinoleates and 12-hydroxy stearates were characterized by 1 H NMR, IR and MS studies. 
The free hydroxyl group of the esters was sulfated using chlorosulphonic acid for value addition particularly for surfactant properties. Two aqueous concentrations of 0.25% anmd 0.5% were used to study the surfactant properties namely surface tension, foaming, critical micelle concentration (CMC), emulsifying power, calcium tolerance and wetting ability. 0.5% Aqueous solutions were found to be superior over 0.25% aqueous solutions. Sodium lauryl sulfate (SLS) was taken as a control to compare the properties. Sulfated alkyl ricinoleates and sulfated alkyl 12-hydroxy stearates were found to possess superior surface tension lowering, CMC values, Ca (II) ion tolerance and foam stability compared to SLS. 
Preparation of Ricinoleic Acid and 12-Hydroxy Stearic Acid Estolides and Evaluation of their Sodium and Sulfated Sodium Salts for Surfactant Properties: Estolides are unique oligomeric fatty acids that contain a secondary ester linkage on the backbone of one of the fatty acids chains. They are known to exist in nature and can also be prepared from homo polymerization of hydroxy fatty acids or unsaturated fatty acids. Estolides exhibit high viscosity indices, good oxidative stability and are biodegradable. These compounds have a variety of potential applications as base materials in lubricants, greases, plastics, inks, cosmetics, and surfactants. The aim of the present study was to prepare ricinoleic and 12-hydroxy stearic acid estolides with varying molecular weights by employing thermal / enzymatic approaches. The estolides were further converted to their sodium salts and sulfated sodium salts and evaluated for their surfactant properties (Fig 3-6). FIGURE 3: Preparation of Sodium Salt of Ricinoleic Acid Estolide Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO3.jpg" \t "_blank​) FIGURE 4: Preparation of Sulfated Sodium Salt of Ricinoleic Acid Estolide Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO4.jpg" \t "_blank​) 
FIGURE 5: Preparation of Sodium Salt of 12-Hydroxy Stearic Acid Estolide Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO5.jpg" \t "_blank​) 
FIGURE 6: Preparation of Sulfated Sodium Salt of 12-Hydroxy Stearic Acid Estolide Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO6.jpg" \t "_blank​) 
Castor oil was hydrolyzed to obtain ricinoleic acid and other fatty acids. The fatty acid mixture containing ricinoleic acid (87%) was heated at 180?C - 220?C under reduced pressure (100-220 mm Hg pressure) to obtain estolides with different acid values matching with the molecular weights of dimer (AV: 97), trimer (AV: 65) and tetramer (AV: 45). Similarly hydrogenated castor oil was also hydrolyzed to 12-hydroxy stearic acid and prepared different estolides matching the molecular weights of dimer, trimer and tetramer. The estolides were also prepared using Candida cylindracea enzyme and the reaction was found to be very slow compared to conventional thermal method. The estolides along with their respective monomers were converted to their corresponding sodium and sulphated sodium salts and 0.5% aqueous solutions were evaluated for their surfactant properties. SLS was taken as control. The sulfated sodium salts of RA estolides and 12-hydroxy stearic acid estolides were found to be superior over their corresponding sodium salts. 

CHAPTER 2: PREPARATION OF FOOD GRADE AND MODIFIED LECITHINS 
Lecithin is obtained from a variety of vegetable (soybean, rapeseed, cottonseed etc.) and animal (egg yolk, milk, bovine brain etc.) sources. Presently most of the lecithin applications are being taken care of by soybean oil gums. Lecithin is a complex mixture with two major components namely of phospholipids (PLs) and triglycerides (TGs) with minor amounts of other constituents like phytoglycolipids, phytosterols, tocopherols, and fatty acids. It is however, the PLs of lecithin that is mainly responsible for the form and function of lecithin. Lecithin is being used as multifunctional additive for food, pharmaceutical and industrial applications. In the present investigation, a systematic study was carried out for optimizing commercially feasible processes for bleaching, and modification of crude soybean lecithin particularly acetylation and hydrogenation after necessary pre-treatment to soybean oil gums. 

Bleaching of Commercial Soybean Oil Gums for the Preparation of Food and Industrial Grade Lecithins: The wet soybean oil gums are dried under vacuum and quickly cooled to obtain dark colored crude lecithin. Carotenoids comprise the major pigments found in soybean lecithin along with smaller amounts of brown pigments. Chemical bleaching is an essential process for lecithin bleaching as adsorbents are too mild to bleach lecithin. 
In the present work, a systematic study was carried out on single and double bleaching of soybean lecithin using various bleaching agents namely hydrogen peroxide, benzoyl peroxide, mixture of both the peroxides, sodium borohydride, sodium chlorate, sodium chlorite, basic alumina and K-10 clay to obtain a light yellow colored transparent lecithin. Bleaching was excellent both with sodium chlorite and hydrogen peroxide - benzoyl peroxide. The color reduction was not satisfactory with the other bleaching agents. Bleaching was also carried out in different solvents like methanol, ethanol, isopropanol and hexane. However, hexane was found to be more appropriate solvent for the bleaching medium. The color of the commercial lecithin was reduced from 18+ to 15 units with hydrogen peroxide (1.5%, 3 hr.) and 12-13 units with a mixture of hydrogen peroxide and benzoyl peroxide (3 and 1%, 3 hr.) or sodium chlorite (2%, 4 hr.). Crude lecithin was also bleached under microwave-irradiation using similar reaction conditions employed in traditional thermal heating system. The reaction rate was greatly accelerated under microwave-irradiation and impressive color reduction was opbserved within 5 minutes as against 3 to 4 hr. taken for conventional thermal bleaching. It was also found that bleaching was very efficient even with lower percentage of bleaching agent under microwave conditions compared to conventional heating. All the bleached samples obtained in optimum bleaching conditions were evaluated for their acid and peroxide values, color and hexane insolubles. 
Enzymatic Process for the Preparation of Acetylated Lecithin: Acetylated lecithin exhibits fluid properties, improved water dispersibility and effective emulsifiers for a wide variety of food formulations. Acetylation occurs primarily on the amino group of phosphatidylethanolamine (PE). The reported methods for the acetylation of lecithin in the patented literature employed either acetic anhydride or acetic anhydride - triethylamine. These methods are not very clean and the reaction conditions are also tedious. The chemical methodologies also produce dark colored products. Another disadvantage of chemical methodologies is the formation of O-acetylated inositol which is not a required compound in the product. The objective of the present study was to develop a simple enzymatic, economically viable and environmental-friendly method for the acetylation of lecithin. Enzymatic acetylation of soybean and egg yolk lecithin was carried out using vinyl acetate in presence of lypozyme (Mucor miehei) at two different temperatures (60-65?C and 65-70?C) for a reaction time of 2 to11 hours. Vinyl acetate plays a dual role as acetylating agent and also as a solvent. The concentration of the enzyme was varied from 3 to 10% of the lecithin. The acetylation reaction was monitored by TLC and the disappearance of pink color for PE spot with ninhydrin spray indicates the completion of acetylation. Acetylation was also carried out using pure phosphatidylethanolamine (Fig. 7) isolated from soybean lecithin. Acetylated lecithin / PE was characterized by IR and 1 HNMR spectral data. Acetylated lecithin was bleached using the optimized conditions reported in the previous section and the color of the bleached acetylated lecithin was found to be 15 units (Gardner scale). FIGURE 7: Enzymatic Acetylation of Phosphatidylethanolamine Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO7.jpg" \t "_blank​) 
Preparation of Hydrogenated Lecithin: Hydrogenated lecithin is more stable against oxidation and has many specialty applications in pharmaceutical and cosmetic products. During catalytic hydrogenation of lecithin, the unsaturated fatty acids become saturated. The natural pigments are also destroyed during hydrogenation and the product becomes white to off-white in color with less hydroscopic nature. The hydrogenation process for lecithin requires drastic conditions like higher hydrogen pressure, and palladium and platinum type of catalysts which are resistant enough to the poisoning effect of phospholipids. Even though few manufacturing companies are marketing this product, not much information is available in the literature. 
A detailed study was carried out for the preparation of hydrogenated lecithin from bleached lecithin using catalytic hydrogenation. Hydrogenated lecithin was also prepared using microwave-irradiation and reported in the third chapter. Heptane and ethyl acetate were tried and heptane was found to be a suitable solvent medium. An iodine value (I.V.) of 30 (I.V. of crude lecithin: 100) was obtained for the hydrogenated lecithin prepared in heptane medium at 75-80?C and 70 kg/cm 2 pressure. Bleached and hydrogenated lecithins were analyzed for their fatty acid composition. It was observed that the oil portion of the lecithin was getting hydrogenated rapidly compared to phospholipids. 


CHAPTER 3: PREPARATION OF NOVEL LIPIDS USING MICROWAVE- ASSISTED REACTIONS 
Microwave irradiation is emerging as an attractive alternative for conventional electric heating for several chemical and catalytic syntheses as well as in the development of new materials with improved microstructures. In the domestic front it is extensively used for heating foods, tempering, drying and baking. As an important tool in chemical synthesis, several advantages have been derived in terms of shorter process times, improved conversion, enhanced yields, reduction in reaction temperatures and above all leading to environmentally clean solvent free processes. Thus there is a growing interest in its application in process industry. Even though extensive work was reported in the field of organic synthesis using microwave-irradiation, very little work has been carried out in the area of lipid modifications. In the present investigation microwave-assisted reactions were employed for the preparation of some novel lipids. 
Microwave-Assisted Non-Conventional Catalytic Transfer Hydrogenation of Lecithin: The hydrogenation of lecithin requires vigorous hydrogenation conditions like high pressures and longer reaction periods. In the present investigation, a detailed study was carried out on microwave-assisted catalytic transfer hydrogenation (CTH) of lecithin. CTH is safe, simple and ecologically friendly method compared to the conventional catalytic hydrogenation in which hydrogen gas is replaced with a hydrogen donor. The reaction was carried out in ethanol and ammonium formate (1 to 15 molar equivalents on the basis of lecithin) and 10% palladium/ charcoal were added to the contents as hydrogen donor and catalyst respectively. Hydrogenation was carried out for 5-60 min at different temperatures (160-180?C) and powers (300-800 watts). Fatty acid composition of hydrogenated lecithin revealed that maximum hydrogenation occurred with 10 equivalents of ammonium formate when the reaction was carried out at 160?C with 800 watts power. It was found that microwave-assisted CTH is superior in terms of complete reduction of linoleic and linoleinic acids compared to conventional hydrogenation. 
Microwave-Assisted Catalytic Transfer Hydrogenation of Safflower Oil: Generally, conventional hydrogenation of vegetable oils results in either complete or partial hydrogenation without any selectivity. Partially hydrogenated vegetable oils are useful for high temperature baking oils, margarine and special purpose fats. Microwave-assisted CTH technique was employed previously for the complete hydrogenation of mono- and di-unsaturated to saturated fatty acids using ammonium formate as hydrogen donor. In the present study the reaction conditions of microwave-assisted CTH of safflower oil [16:0, 9.7%; 18:0, 2.8%; 18:1, 25.4% and 18:2, 62.2%] were manipulated in such a way to restrict the hydrogenation of di-unsaturated fatty acid selectively at monounsaturated stage without using emulsifier. 
The selective hydrogenation of safflower oil was optimized by varying solvents like methanol, ethanol, isopropanol, and catalyst and hydrogen donor concentration, and reaction conditions such as temperature and reaction period. In organic solvents, the hydrogenation was found to be selective, but very slow. When the irradiation was conducted in water, hydrogenation was found to be completed within one hour with good selectivity. The effect of the concentration of the water as well as the time for the complete and selective hydrogenation of safflower oil was also studied. The complete conversion of di-unsaturated to monounsaturated safflower oil was obtained in one hour when the oil was hydrogenated at 160?C, 600 W power in presence of 10% Pd/C (5% of oil) using ammonium formate (6 molar equivalents) as hydrogen donor in water (20% of oil). 

Ether Lipid Analogues: Synthesis Of 1-Alkylamino-3-alkyloxy-2-propanols and N,N-Di-(2-hydroxy-3-alkyloxy propyl) alkylamines and Evaluation for Surfactant Properties as their Sulfated Sodium Salts: Compounds with acyclic propanic structures have been widely investigated for applications in the pharmaceutical, cosmetic and food industries. The reaction of long-chain glycidyl ethers with alkyl amines can yield alkyloxy propanol amines and were found to be interesting biologically active and surface active molecules. Furthermore, these molecules possess different active sites, which also make them attractive as chemical intermediates for various other potent molecules. Due to good thermal stability, these compounds are potential polyfunctional fuel additives and exhibit good compatibility with ethanol-diesel fuel-blends. Addition of 2 wt% of the compounds raised the viscosity of the blend considerably, for lubrication. Further these compounds were also found to have comparable anti-corrosion and anti- oxidative properties. Cold flow of the fuel blend was also improved compared to that of commercial diesel fuel. Few 1-alkylamino-3-alkyloxy-2-propanols and their dimer compounds N,N-di-(2-hydroxy-3-alkyloxy propyl) alkylamines were reported in the literature with alkyloxy group as octyl and alkyl amine group as propyl, octyl, dodecyl, cetyl, octadecyl and octadecenyl. 
In the present investigation a number of 1-alkylamino-3-alkyloxy-2-propanols and their dimers were prepared by maintaining the same chain length both for alkyl amino and alkyloxy groups. Two different schemes were employed for the preparation of these compounds (Fig. 8, 9). The yields and purities were similar for both the routes. The final step involved the opening of epoxide with corresponding alkyl amines to yield alkyloxy alkylamino propanols and their dimers in varying proportion. All the products were characterized by NMR, IR and Mass spectral studies. In an attempt to accelerate the reaction times and yields, the above compounds were also prepared using microwave-assisted reactions. It was interesting to find that the rates of all the reactions were greatly accelerated under microwave-irradiation. The reaction between alcohol and epichlorohydrin (Fig. 8) to obtain epoxide (80% yield) in a conventional reaction took 6 hr and an improved yield of about 90% was achieved within 2 min under microwave irradiation.Similarly alkyl allyl ether could be prepared (Fig. 9) within 5 min as against 3 ? hours in similar yields (89%) in the conventional route. The microwave assisted conversion of allylic products to its epoxide (97% yield) using MCPBA was also achieved within 2 min instead of 1 hr during conventional reaction. The opening of epoxide with the corresponding amines was also found to be very rapid under microwave irradiation conditions in addition to some variations in the composition of monomers and dimers. About 3 hrs time was required to open the epoxide quantitatively in ethanol medium using the conventional reaction with monomer to dimer ratio of 1:3. The formation of dimer could be restricted to 40% using microwave assisted reaction in ethanol medium quantitatively within 5 min. When ter-butanol was used as medium, the reaction could not be completed within 3 hr and dimer was the major product (5% monomer, 60% dimer, 35 % unreacted epoxide), while 100% dimer was quantitatively formed within 2 min under microwave-irradiation condition. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO8.jpg" \t "_blank​) FIGURE 8: Synthesis of 1-Alkylamino-3-alkyloxy-2-propanol and N,N-Di-(2-hydroxy-3-alkyloxy propyl) akylamines. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureNO9.jpg" \t "_blank​) FIGURE 9: Synthesis of 1-Alkylamino-3-alkyloxy-2-propanol and N,N-Di-(2-hydroxy-3-alkyloxy propyl) alkylamines. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a162_figureN10.jpg" \t "_blank​) FIGURE 10: Sulfation of 1-Alkylamino-3-alkyloxy-2-propanol and N,N-Di-(2- hydroxy-3-alkyloxy propyl) alkylamines 1-Alkylamino-3-alkyloxy-2-propanols and its dimer, N,N-di(2-hydroxy-3-alkyloxy propyl) alkylamines as their sulfates (Fig 10) were evaluated for their surfactant properties as 0.5% aqueous solutions. SLS was taken as control. Most of the alkyloxy aminopropanols and their dimers exhibited superior surfactant properties compared to SLS with excellent calcium (II) ion tolerance and good wetting ability. Dimers were comparatively found to be superior to monomers. 
Thermal stability was also studied for all the compounds at a temperature range of 0?C to 440?C (10?C/min) under a nitrogen flow (45 ml / min). The dimers were found to be more stable than monomers. Similar degradation behaviour was observed for monomers and dimers. All the monomers were found to degrade at 150?C to 190?C, while the dimers at 230?C to 260?C without any particular trend with the variation in chain length. Overall both monomers and dimers were found to possess good thermal stability. 


